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the drop zone and surrounding aircraft. With air speeds in 
excess of 125 knots, coupled with engine blast, good helmet 
retention is a necessity. During the exit phase, the roll and 
pitch of the aircraft and variability of external air flow 
contribute to the incidence of the head striking the door frame 
and fuselage. Individuals also can be struck by the static line, 
deployment bag, or their personal equipment. During the descent 
phase, the opening shock of parachute inflation can cause forward 
rotation of the helmet, even with proper body orientation. Poor 
body orientation can cause the helmet to move rearward and/or 
sideward. The landing phase can be complicated by drop zone 
hazards such as trees, rocks, or equipment. Ground winds can 
cause pronounced swinging underneath the canopy, and landing with 
the wind can increase relative ground speed. Once on the ground, 
reinflation of the canopy can result in the soldier being dragged 
a considerable distance, especially if he is unconscious due to a 
prior head strike. 

Parachute landing fall (PLF) training 

When jumping with the standard T-10 parachute, one can expect 
the rate of descent to be 18 to 22 feet per second. To land 
safely, a parachutist must execute a proper PLF. The five 
recommended points of contact are progressively: Balls of the 
feet, lateral calf of the leg, thigh, buttocks, and "push up'l 
muscle (the back of the upper arm) (Figure 2) according to the 
airborne training manual FM 57-220 (Departments of the Army and 
the Air Force, 1984). If the five points of contact do not 
absorb enough energy, and the head is not tucked with the chin 
against chest, head strike is likely to occur. 

There are three basic PLFs: Front, side, and rear. Rearward 
drift is the most dangerous condition. Basic airborne training 
doctrine warns the parachutist to twist and "do the PLF you do 
best." Techniques for handling drift are refined on the lateral 
drift apparatus (LDA) (Figure 3). Techniques for handling the 
pronounced swinging under the canopy are refined using the swing 
landing trainer (SLT) (Figure 4). Because good techniques first 
must be learned, many trainees often repeatedly execute poor PLFs 
and, therefore, sustain head strikes. Cadre at the U.S. Army 
Airborne School are trained to note such occurrences and remove 
trainees from the training session after a given number of head 
strikes. The SLTs are surrounded by a sawdust pit to provide a 
relatively soft head strike surface. The sawdust frequently is 
raked to improve the energy-absorption properties. Figure 5 
shows the placement of personnel at the SLT. The operational 
environment repeats the training scenarios for PLFs with the 
added hazards of rocky terrain and/or surface winds. 
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Materials and methods 

Epidemiology 

In order to determine the incidence of head injury in Army 
airborne operations, all DA Forms 285, 
tigation accident reports," 

"United States Army inves- 
stored in the database at the U.S. 

Army Safety Center (USASC) at Fort Rucker, Alabama, were searched 
for the period 1 October 1984 to 30 September 1989. This time 
frame was chosen to limit the scope of this analysis to the last 
5 complete years of data. Any case listed as an accident occur- 
ring during tactical parachute operations and resulting in an 
injury to the head was selected for inclusion in subsequent 
analysis. These reports were analyzed further for time of 
incident, circumstances surrounding the incident, presence of 
procedural errors, equipment failures, nature of the head injury, 
and information relating to the mechanism of injury. 

Since there was no known source for information relating to 
the number of parachute deployments occurring over the period of 
study, no rate information could be calculated. In this study, 
we were only able to determine the total number of head injuries 
reported over the period and to tabulate the limited data con- 
tained in these reports. 

Impact protection 

A monorail drop tower (Figure 6) was used to assess the 
amount of force transmitted through the standard PASGT and 
modified PASGT helmets. Deceleration was measured with a uni- 
axial accelerometer mounted in the Z-axis of a standard headform 
in accordance with American National Standards Institute (ANSI) 
290.1, 1971. This medium-size, low-resonance magnesium alloy 
headform is approximately equal in mass and shape to that of a 
50th percentile human head. The force was measured using a load 
plate consisting of three piezoelectric load washers between two 
triangular aluminum plates located under a flat, rigid steel 
impact surface. Graphs of deceleration versus time, and force 
versus time were kept for each drop by recording oscilloscope 
traces. Drop heights were varied to investigate the impact 
characteristics of the various configurations. 

Peak deceleration was plotted against drop height for a 
rearward strike on five configurations of padding. 
height varied from 12 to 42 inches. 

The drop 
Because one does not always 

receive a blow directly to the rear of the head, the same proce- 
dure was repeated for a rear strike 45 degrees to one side 
(occipital-parietal region). Five helmet configurations were 
tested: (1) Standard PASGT 
pad and Velcro"* napestrap, 

helmet equipped with Ensolite"* shock 
(2) standard PASGT helmet shell with 



a four-layer thermoplastic liner* (TPLTM) and shock pad configura- 
tion provided by the Gentex Corporation, (3) standard PASGT 
helmet modified with adhesive 3/8-inch foam pads throughout the 
shell, (4) PASGT shell (without sling suspension) modified with 
SensifoamTM* (C-47) and TPL" fitting pad, and (5) PASGT shell 
(without sling suspension) modified with Isofoam"* and a TPLTM 
fitting pad. 

Helmet retention 

The helmet retention test device used for simulating the 
forces encountered in opening shock and the execution of a poor 
rear PLF was a modified Department of Transportation (DOT) 
pendulum. A modified DOT Hybrid III headform* with articulated 
neck was attached to the pendulum arm (Figure 7). When released, 
the pendulum arm is allowed to free fall and strike an energy 
absorber which decelerates the pendulum arm at 24 to 28 peak G 
for a duration of approximately 40 milliseconds. These condi- 
tions are less severe than those imposed on a paratrooper's torso 
during the shock of an actual parachute opening. The peak 
deceleration is the same, but the pulse duration is 400 mil- 
liseconds in an actual opening shock (Call and Moynihan, 1978). 
The shorter duration pulse was selected since the test apparatus 
is not able to produce a longer duration pulse. Deceleration was 
measured by a uniaxial accelerometer mounted at the approximate 
T3 vertebra level. 

The entire deceleration sequence was recorded on a Spin 
Physics SP2000* motion analysis system (Figure 8). To follow the 
movement of the helmet relative to the headform, both were marked 
with targets. By using the reticle system and digitizing any two 
points on the helmet and headform, it was possible to record the 
change in relative angle between the two lines determined by the 
two sets of points (Figure 9). For forward impact simulating 
opening shock, the angles of interest were maximum forward 
movement and the subsequent rearward movement. In the rearward 
impact, simulating the execution of an improper rear PLF, the 
angles of interest were maximum rearward movement and the subse- 
quent forward movement (Vyrnwy-Jones, Paschal, and Palmer, 1989). 

Four different retention systems were tested on the PASGT 
helmet for airborne personnel. The standard retention system 
with shock pad and VelcroTM napestraps was tested in two arrange- 
ments (proper and improper). At a meeting at Fort Benning, 
Georgia, cadre stated airborne students were routing the nape- 
straps through an upper loop formed in the chinstrap. Supposed- 
ly, this arrangement facilitated easy donning and doffing. 
Because this improper arrangement is commonly used, it was tested 
as well. 



The third and fourth retention system configurations were 
standard PASGT shells containing a USAARL retention system 
prototype (shown with the standard retention system in Figure 
10). This retention system differs from the currently used PASGT 
airborne helmet retention system in that the napestrap is mounted 
permanently to the right, helmet-mounted portion of the chinstrap 
and passes through a looped strap (keeper) which is mounted to 
the rear of the helmet. The free end of the napestrap is buckled 
to the left, helmet-mounted portion of the chinstrap. To ensure 
strength and reliability, no VelcroR or snaps were used. The 
chinstrap was affixed to the helmet by two adjustable buckles 
(Figure 11). Chinstrap attachment points for the-third con- 
figuration were the standard mounting points. The chinstrap 
attachment points for the fourth configuration were the forward 
mounting screws of the headband (Figure 12). This configuration 
caused the napestrap-to-chinstrap distance to increase, and, 
theoretically, increased stability. The napestrap keeper attach- 
ment point was lowered approximately 2 inches below the shell 
edge. This gave the napestrap a better grip on the head at the 
base of the skull (occipital condyles). The chinstrap was 
lengthened to compensate for the higher attachment points of 
configuration 4. Modifications were made from materials current- 
ly available in the U.S. Army inventory. 
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Parachutists 

To jump with this helmet requires 
addditional items for your safety 

Fastener 

1. The foam impact pad. 
2. The parachutist’s retention 

strap with 5/S” screw. 

Figure 1. Installing shock pad. 
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Figure 2. PLF sequence. 
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Figure 3. Correcting PLF problems. 

SWING IANDINO TRAlNER 

Figure 4. PLF training device. 
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Figure 6. Drop tower. 
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Figure 8. High speed video equipment. 



Resting position showing digitized points. 

Rearwards movement of helmet relative to headform 
showing digitized points. 

Figure 9. Angles on PASGT. _ _ 
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Figure 10. Standard and modified retention systems. 
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Figure 11. Forward-mounted modification of retention system. 

Forward Mounting Screw 

/ 

ndard Mounting Screw 

Figure 12. Side view of PASGT helmet. 
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Results 

Epidemiology 

. 

Over the period of the study, fiscal years 1985 to 1989, 
there were 277 reports of individuals sustaining head injuries 
during U.S. Army airborne operations. There were 269 males and 8 
females. Table 1 is a distribution of these cases by phase of 
parachute jump during which the injury occurred. Although most 
injuries occurred during the landing phase (77.8 percent), head 
injury was reported during all phases. The distribution of cases 
according to previous jump experience is shown in Figure 13. 
Note that relatively few head injuries occurred during initial 
airborne training (less than 6 jumps) except in ground training 
(0 jumps). Head injury appears to have a biphasic peak at 10 and 
20 jumps, then declines slowly with additional experience. An 
age distribution of accident victims is shown in Figure 14. The 
mean age of victims was 22.8, with a range in age of 17 to 50. 

The distribution of injury cases by time of day is shown in 
Table 2. Since exposure data is not available, it is difficult 
to draw any conclusions from these data except that head injuries 
appear to be evenly divided among night and day operations. 
Table 3 lists the surface impacted by the head injury victim when 
known and reported as a contributing factor. For the majority of 
cases, the impact surface was unknown or not reported. 

Of the 277 individuals receiving head injury in airborne 
operations, only 4 sustained fatal injuries. The remainder were 
reported as lost workday cases. The locations and injury types 
sustained are shown in Tables 4 and 5. Over half of the injuries 
were intracranial (brain) and the majority of these resulted in 
loss of consciousness. The most commonly reported injury type 
was concussion (57 percent). Interestingly, head injury was the 
only reported injury for all but one of the cases. These data 
support the conclusion that head injury occurs as an isolated 
event in jumping accidents without injuries to other body areas. 
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Table 1. 

Distribution of head injuries by phases of parachute operation. 

Mishap Description Frequency 
type 

Aircraft strikes (door/fuselage) 12 
Exit mishaps (7.6%) 

Inverted jumper 4 

Equipment strikes 4 

Equipment failure 1 

Maneuverability (twisted risers, etc.) 6 
Descent mishaps (9.0%) L 

Midair collision 11 

Helmet loss 4 

Opening shock equipment strike 3 

Collision with aircraft 1 

Parachute landing fall 194 
Landing mishaps (77.6%) 

Drag/reinflation 7 

Drop zone hazards (trees, etc) 14 

Unknown (5.8%) No description 16 

Total 277 

. 
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Table 2. 

Distribution of head injuries by time of day. 

I 1 
Time Frequency of injury Percent of total injuries 

Dawn 7 2.5 

Day 134 48.4 

Dusk 13 4.7 

Night 123 44.4 

Total 277 100.0 

Table 3. 

Distribution of head injuries by impact surface. 

Impact surface Frequency of injury 

Drop zone obstacles 18 
(rocks, stumps, platforms, etc.) 

Uneven terrain 6 
(ditches, ruts, mounds, etc.) 

Ice/snow 2 

Hard packed 
(landing strip, paved/unpaved roads, etc.) 

13 

Aircraft 
(door/fuselage) 

12 

Equipment strikes 
(static line, etc.) 

Unknown 

Total 

4 

222 

277 
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Table 4. 

Distribution of head injuries by injury location. 
J 

Table 5. 

Distribution of head injuries by injury type 

I Injury type I Frequency of injury I Percent of total injuries I 

I Concussion I 158 I 57.0 I 
I I I I 

I Fracture I 10 I 3.6 I 

Abrasion/contusion/ 
laceration 

Miscellaneous 

12 4.3 

46 1.6 

Unknown/ 
not reported 

Total 

51 18.5 

277 100.0 

l 
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Impact protection 

Peak acceleration was plotted against drop height for a 
rearward strike for all five helmet configurations. Figures 15 
and 16 show the Isofoam" configuration to be superior. The 
Gentex Corporation prototype came in second, and the helmet 
modified with SensifoamTa (C-47) was third for drop heights below 
35 inches. However, the curve of the Gentex prototype bottomed 
out sooner, making the SensifoamTa (C-47) superior above 35 
inches. The standard PASGT helmet (includes Ensolite" shock pad) 
modified with 0.38 inch adhesive IsofoamTM pads was only slightly 
better than the standard. The Ensolite" shock pad for a rear 
impact protected to a drop height of 18 inches, while the addi- 
tion of the 0.38 inch foam pad increased the protective level to 
only 21 inches, a 20 percent improvement. 

Helmet retention 

Table 6 shows the average rotation in degrees of the helmet 
on the headform during a rearward impact. The modified retention 
system reduced rearward movement of the helmet on the headform as 
compared to the standard PASGT paratrooper helmet. Also, Table 6 
shows the standard PASGT helmet, when worn with the improper, but 
commonly used, napestrap arrangement, performs similarly to the 
properly worn standard PASGT helmet during the primary motion, 
but experiences greater rebound rotation. The no. 3 and no. 4 
modified retention system configurations behave similarly during 
rearward impact. 

Table 7 shows both standard PASGT paratrooper helmet's con- 
figurations exhibit very little forward rotation upon forward 
impact, although both showed significant rebound rotation. Also, 
Table 8 shows the modified retention system with standard chin- 
strap configuration rotated upon forward impact, but the rebound 
rotation was not as great as that of the standard PASGT. In 
summary, the data depicts the modified retention system with the 
forward mount to perform better than the modified standard mount 
and was exceptional compared to the standard PASGT 
configurations. 
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Table 6. 

Change in angular rotation during rearward (eyeballs in) impact. 

Helmet Initial rotation 
type (degrees) 

Standard PASGT, 
for paratroopers 
napestrap proper 

36 
rearward 

Standard PASGT 
for paratroopers 

napestrap improper 
36 

rearward 

Rebound rotation 
(degrees) 

7 
rearward 

11 
forward 

PASGT helmet 
USAARL retention system 3 1 

standard mounted rearward rearward 

PASGT helmet 
USAARL retention system 3 0 

forward mounted forward 

Table 7. 

Change in angular rotation during forward (eyeballs out) impact. . 

Helmet Initial rotation Rebound rotation 
type (degrees) (degrees) 

Standard PASGT 
for paratroopers 1 38 
napestrap proper rearward rearward 

Standard PASGT 
for paratroopers 0 33 

napestrap improper rearward 

PASGT helmet 
USAARL retention system 15 20 

standard mounted rearward rearward 

PASGT helmet 
USAARL retention system 4 16 

forward mounted forward rearward 
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Discussion 

Epidemiology 

The analysis of paratrooper accident reports revealed there 
were 277 who sustained head injuries during airborne operations 
over the 5-year period of the study. Unfortunately, accurate 
exposure data could not be obtained to estimate the rate of head 
injuries. The rate of head injury is clearly quite low, but this 
fact should not detract from the military significance of these 
injuries. The objective of airborne operations is to deliver a 
concentration of force rapidly and clandestinely. Since the 
number of troops that can practically be delivered to an objec- 
tive is usually limited, every soldier injured in the drop will 
have an adverse effect on mission accomplishment. 

Head injury frequently is incapacitating for some period of 
time. Furthermore, for a variety of reasons, many soldiers 
receive injuries which are never officially reported on a DA 285. 
Consequently, the number of injuries reported in the USASC 
database probably is a very conservative estimate of the actual 
incidence of injury in the Army. 

In summary, most head injury in airborne operations is 
occurring as a consequence of a single strike to a helmeted head, 
usually during the landing phase. The moderate severity of the 
injuries as well as the fact that they occur as isolated events, 
suggests that the prevention of these injuries can be practically 
achieved simply by adding a layer of energy-absorbing foam to the 
existing PASGT helmet. Improvements to the retention system also 
will prevent helmet rotation or loss, events which may expose the 
head to injury. Since most head injuries are incapacitating, we 
conclude that improved head impact protection should be provided 
to paratroopers. 

Although not an objective of the study, it is appropriate to 
comment on airborne injury reporting procedures. The DA Form 285 
is a general accident investigation form used by the USASC for 
ground vehicles and paratrooper accidents (Figure 17). It does 
not ask airdrop-specific questions and the information on this 
form was often incomplete: frequently, data was included only 
because it was thought to be a contributing factor. 

When there is a malfunction in parachute equipment, either 
personnel or cargo, the airdrop unit must fill out DD Form 
1748-2, Airdrop Malfunction Report (personnel-cargo) (Figure 18). 
This is an airdrop-specific form, and the information is useful 
for epidemiological studies of military parachuting. Information 
on type of aircraft, altitude, speed, and jumper position (blocks 
4, 9, 10, and 16) characterize the exit phase. Paratrooper 
equipment, parachute types (main and reserve) (blocks 15, 16, and 
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17) characterize the descent phase and give an estimate of total 
suspended weight and sink rate. Drop zone location, elevation, 
surface winds, visibility (blocks 7, 11, 12, and 13) characterize 
the impact area with the exception of obstacles. Previous number 
of jumps (block 19) documents experience. In several instances, 
familiarity with this form caused individuals to report this 
information in the narrative portion of the DA 285. Based on the 
need for better documentation of paratrooper injuries, it is 
clear the data provided, in both DA 285 and DD 1748-2, should be 
made available at the USASC. 

Impact protection 

The parachutist's helmet consists of four basic elements. 
The shell provides ballistic protection, the webbing cradle 
suspends the helmet mass, the retention system stabilizes against 
excessive movement, and the nape pad reduces the forces trans- 
mitted through the shell to the back of the head. Three million 
PASGTs have been procured, so a redesign of the shell is not a 
viable short-term alternative for improving impact protection. 

The increase in the number and severity of head injuries 
previously noted and the relative ease of providing increased 
impact protection leads to the conclusion that inexpensive 
modifications to the current PASGT helmet are necessary and 
feasible, and will provide substantially increased impact protec- 
tion over the short-term. Long-term improvements may require a 
change in the basic shell configuration of the PASGT. 

Our preliminary experiments have shown that improved energy- 
absorbent padding provides a significant reduction in the trans- 
mitted acceleration to the head. Since injury data reveal that 
impact occurs to all areas of the helmet, padding should be added 
to the helmet to provide 100 percent coverage in the headband 
region up to a point approximately 8 cm above the lower edge of 
the headband. Of course, the addition of padding in lieu of the 
llstandoffV@ cradle eliminates ventilating air unless the padding 
is provided with channels and/or separated foam strips. A net 
llskulllW cap with padding inserts could be used within a PASGT 
shell. Such a design exists as the insert to the Standard DH 132 
tanker's helmet and it has been very effective (Figure 19). 
These standard EnsoliteTM foam inserts have 2 mm dimpled surfaces 
to cause a slight standoff from the scalp. There is a matrix of 
2 mm diameter holes on a 2.5 cm spacing in the foam to provide 
ventilation. A similar arrangement (with larger 8-10 mm diameter 
holes and outer surface dimples) would alleviate the ventilation 
problem. Further evaluation of a foam-filled nomex net 'lskulltV 
cap, similar to the DH-132 design, should be considered before 
selecting a PASGT foam liner. 
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Head injury at the Airborne School presents a 
problem that should be considered separately from 

specific 
injury in __ _ operational units. At least one fatality and eight less severe 

head injuries occurred during the PLF phase (tower drop) of 
airborne training. Many of these injuries occurred as a result 
of repeated head impacts over an extended period. Changes in the 
standard operating procedure for repeated head strikes should be 
considered. Training personnel should receive training by a 
physician on early symptoms and signs of closed head injury and 
emphasis should be placed on removing students from training 
after any significant head strike. Any student receiving a 
significant strike or exhibiting early symptoms of head injury 
including headache should be evaluated by a physician before 
returning to training. Specific neck strengthening exercises 
also should be considered as part of the physical training at the 
Airborne School and in operational units. This would increase 
the soldier's ability to keep his chin on the chest with a 
probable decrease in the number of head strikes during PLF 
training. Cadre should be briefed on the importance of reporting 
all head strikes. 

It also may be helpful to improve procedures for caring for 
the sawdust used in the landing Npits.VW The sawdust should be 
kept dry and turned frequently to provide maximum impact attenua- 
tion during training. 

Undoubtedly, the best method of preventing head injury during 
initial training would be to provide students with a special 
impact protection helmet during the ground phase of their train- 
ing. Since there is no requirement for ballistic protection 
during ground training, a training helmet, such as those used in 
civilian jump training, could be provided to students during the 
early phases of training when they are most at risk for suffering 
a head injury. This helmet could have a metal shell to match the 
weight of a PASGT, but be padded with a full inch of energy-ab- 
sorbing foam to provide a high level of impact protection. One 
of the arguments against such a helmet is the stress on realistic 
training. Techniques in bayonet training are refined with pugil 
sticks and protective gear, and, along the same lines, PLF tech- 
niques should be refined with a foam-padded helmet to protect 
from repeated head strikes. 

Helmet retention 

Mounting the chinstrap to a forward position on the helmet 
shell reduced rotational displacement of the helmet on the head. 
The triangle formed by the forward mounting point, the chin-, and 
the napestrap of the modified retention system has a wider base 
and is more stable. The improvement in helmet stability with the 
forward chinstrap location is revealed more dramatically by an 
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forward chinstrap location is revealed more dramatically by an 
actual "wear and pull n test in which one compares the rotational 
movement of the existing paratrooper PASGT to the modified-nape 
PASGT by wearing and pulling upward on the lower edge of the 
helmet. 

During the impact tests, the chinstrap adjustment buckle 
failed totally in three tests even though the chinstrap was not 
the object of the tests. A literature search showed these 
buckles have failed throughout their history (Morimoto, 1977). 
The bending of the center bars was due to inadequate strength 
and/or inadequate cross-sectional area. The cyclic nature of the 
loading also contributed to its failure. The strength of these 
buckles is only 85 lb (+5 lb) per buckle based on a pull test 
with two samples. It is obvious the strength of this buckle 
should be increased to ensure against PASGT helmet loss under 
asymmetric loading conditions which may occur when: (1) The 
risers strike and tend to pull the helmet off in a poorly ex- 
ecuted exit, and (2) the risers and/or obstacles catch the bottom 
edge of the shell during reinflation after the PLF. The current 
strength is simply too low to withstand the asymmetric and/or 
inertial load applied. 

The inertial loads on the chest during parachute opening 
shock can be as high as 35 G based on published U.S. Navy data 
(Naval Air Systems Command, 1976). Since the head is attached to 
the chest via the relatively flexible neck, there is a consensus 
among researchers that the acceleration response of the head to 
an input at the upper thoracic vertebra (Tl) may be increased by 
a factor of 1.3 to 2.0. Thus, the expected ultimate inertial 
load of the head is 35 G (chest) X 2.0 dynamic factor X 3.5 lb 
PASGT mass = 245 lb. This is a lower value than the 300-lb value 
required for commercial motorcycle helmets but, usually, the 
paratrooper is not exposed to crash forces as great as those seen 
in motorcycle accidents. This is a reasonable value to consider 
for strength because the greater strength also will result in 
less elongation, and concomitantly less "loftingn away from the 
head due to the centrifugal force acting on the helmet during 
opening shock or a bad PLF in high winds. It is suggested a 250- 
lb strength requirement be used in future procurement specif- 
ications for paratrooper PASGT retention systems and existing 
understrength buckles be replaced. The extra strength provides a 
hedge against production strength variation and material degrada- 
tion with time. 

One other decrement in impact protection was noted in the 
impact tests. The rear headband attachment screw is a size no. 8 
steel screw with a 9mm-diameter l@panV1 head which tends to com- 
press the XEVLARTM shell under the screw head and to drive the 
interior anchor nut into the magnesium headform. The "bottoming" 
of the screw anchor nut causes a high headform acceleration. If 

30 



infantryman), a serious laceration could occur. If the steel 
screw was replaced with a nylon screw, the transmitted force 
would be reduced by several orders of magnitude because the 
modulus of elasticity of nylon is only 1 percent that of steel. 
The tensile strength of a no. 8 nylon screw is approximately 250 
lb: probably, this is an adequate value for this design. 

Airborne School personnel have suggested the large mass of 
the helmet might cause forces which inhibit soldiers from tucking 
in their chins. This leads to a pronounced head strike. Reduc- 
ing the mass of the helmet could have several benefits. Current 
molds for the PASGT helmet need not be changed to reduce shell 
weight by using fewer layers of tighter-weave KevlarTM, or 
equivalent material. Using a tighter-weave Kevlar" (or other 
weight-reducing material) would preserve the ballistic protection 
provided by the helmet while reducing the weight. The extra 3 mm 
of space within the shell would allow more foam to be placed in 
the headband region of the helmet, increasing coverage in a 
critical area of the skull. This foam-padded helmet could be 
produced specifically for airborne troops in kit form. 

Summary 

This study has shown head injury in airborne paratrooper 
operations is occurring as a consequence of helmeted-head impact, 
usually during the landing phase. The relatively moderate nature 
of most of the injuries, as well as the fact they occur as 
isolated events, suggest the prevention of these injuries can be 
achieved practically by adding a layer of energy-absorbing foam 
to the PASGT helmet. Improvements to the retention system also 
will help prevent helmet loss and rotation of the helmet on the 
head which exposes the head to injury. 

Conclusions 

1. Head injury is a significant problem in airborne training and 
operations (more than 50 annually). 

2. Analysis of the type and mechanism of head injuries sustained 
in airborne operations reveals they occur as isolated injuries 
and usually are not critical long-term injuries. 

3. A larger area of the head should be protected with energy- 
absorbing foam. 

4. The incorporation of greater coverage and more efficient 
padding to the current PASGT helmet, combined with improvements 

31 



4. The incorporation of greater coverage and more efficient 
padding to the current PASGT helmet, combined with improvements 
to the retention system, will reduce substantially head injury in 
Army parachute operations. The addition of 0.5-inch thick pad 
reduces the force transmitted to the head to 109 G (1200 lb) from 
272 G (3000 lb) (60 percent) for a a-foot drop onto a rigid steel 
plate. 

5. Further testing is necessary to assess the ventilation 
problems associated with increasing the surface area covered by 
the foam. 

6. The forward-mounted prototype retention system described in 
this report significantly reduces forward and rearward movement 
of the helmet. 

7. The strength of the existing adjustment buckle is inadequate 
for the intended use. 

8. The no. 8 steel screw attaching the headband at the rear of 
the helmet tends to drive the interior anchor nut into the 
headform and reveals a potential for wearer head laceration. 

Recommendations 

Training environment 

1. A new training helmet should be used by students until they 
demonstrate the ability to perform a proper PLF. It should be 
energy-absorbing and allow the head to experience no more than 
100 G peak when tested at a drop height of 5 feet against a flat, 
rigid impact surface. The mass of the helmet should be equal to 
that of the PASGT airborne helmet. 

2. Symptoms and signs of head injury should be taught to all 
training supervisors and any student exhibiting symptoms should 
be immediately removed from training and evaluated by a 
physician. 

3. Improved head strike reporting methods should be initiated. 

4. The sawdust at the SLT site should be deep tilled and kept 
dry to provide maximum impact protection. 

5. Increased emphasis on neck strengthening exercises should be 
considered for airborne personnel in training and in operational 
units. 
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Operational environment 

1. Provide an energy-absorbing liner to the current PASGT helmet 
that covers the entire headband region up to a point approxi- 
mately 8 cm above the lower edge of the sweatband. This liner 
should be capable of limiting the transmitted force to the head 
to less than 150 G for a 2.5-foot drop on a flat rigid surface. 

2. Replace the existing retention system with an improved system 
able to provide retention at least equal to the forward-attach- 
ment system described in this report. 

3. Replace the existing chinstrap adjustment buckle with a 
similar design of 125-lb minimum pull strength. 

4. Improve airborne injury reporting methods by combining data 
from existing forms DA 285 and DD 1748-2. 
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Figure 13. Previous parachuting experience. 

Mean 22.8 
Maximum 60.0 
&finimum 17.0 
Std.Dev. 4.3 
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Figure 14. Age distribution. 
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Figure 15. Peak G rear graph. 
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Figure 17. DA Form 285, U.S. Army Investigation Accident Report. 



Figure 18. DD Form 1748-2, Airdrop Malfunction Report 
(Personnel-Cargo). 

I 

t 

i 

38 



INNER HELMET 

Figure 19. DH-132 insert. 
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ADDendiX A. 

List of ecuinment manufacturers 

Creative Foam Corporation 
P.O. Box 238 
55210 Rudy Road 
Dowagine, MI 49047 

Endevco 
Ranch0 Viejo Road 
San Juan Capistrano, CA 92675 

General Motors Corporation 
3044-T West Grand Boulevard 
Detroit, MI 48202 

Gentex Corporation 
P.O. Box 315 
Carbondale, PA 18407 

GHI Systems 
Randros Palos Verdes, CA 

Humanoid System 
Division of Humanetics Corporation 
17022 Montanero Street 
Carson, CA 90746 

Kistler Instruments AAAG 
Winterthur, Switzerland 

Nicolet Instrument Corporation 
Oscilloscope Division 
5225 Verona Road 
Madison, WI 53711 

Spin Physics 2000, Kodak 
3099 Science Park Road 
San Diego, CA 92121-1011 

The V-Tee Company 
Hopewell, VA 23860 

Tuscarora Plastics, Inc. 
1830 Rockdale Industrial Blvd. 
Conyers, GA 30207 
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